ABSTRACT
INTRODUCTION
The genus Morus (Moraceae) comprises about a dozen of species which are widely distributed in India, China, Japan, North Africa, Arabia, South Europe, etc. [1] . Five species were found in Vietnam [2] . White mulberry (Morus alba L.) is widely cultivated in many Asian countries where the leaves are used as the best feed for silkworms because they contain many nutritional components [3] . Almost all parts of this plant is used in folk medicine in Vietnam as well as in China, Korea and Japan [4] . In recent studies many potentially active compounds have been isolated from Morus alba L. including flavonoids [5] , benzofurans and stilbenoid [6] , lignans [7] , alkaloids and amino acids [8] , coumarins [9] , and triterpenoids [10] . In this study, we report the isolation of four compounds from twigs of Morus alba in Dong Thap. Their spectroscopic data were compared with previously reported ones to determine their chemical structures as: a triterpenoid, β-amyrin-β-D-glucopyranoside (1), a Diels -Alder type adduct, mulberrofuran G (2), a benzofuran, moracin M (3) and a prenylated flavonoid, kuwanon G (4). Although there are many reports on the chemical composition of root bark and leaf of Morus alba L., those on the twigs are few. This is the first study on the chemical composition of white mulberry twigs from Dong Thap, Vietnam.
MATERIALS AND METHODS

Plant material
The twigs of Morus alba were harvested in June 2015 in Sa Dec, Dong Thap, Vietnam. We collected the twigs of adult plants in the morning.
Instruments
Melting points were determined on a Yanaco micro melting point apparatus and were uncorrected. Column chromatography (CC) was performed on silica gel (Kieselgel 60, 70-230 mesh and 230-400 mesh; E. Merck). Silica gel 60F 254 precoated plates (Merck) were used for TLC, developed with a CHCl 3 -CH 3 OH (6:1; 4:1), visualized under UV light λ 254 nm.
1 H-NMR and 13 C-NMR spectra were recorded on a Varian Unity INOVA-400 spectrometer (USA) using tetramethylsilane (TMS) as internal standard. EI-MS data were collected on a Quattro II spectrometer.
Extraction and isolation
The twigs of Morus alba (6 kg) were dried and powdered and soaked with methanol (7 L x 3 times) at room temperature. The extract was concentrated to obtain crude methanol residue (315 g) which was resuspended in water (1 L) and partitioned successivelly in hexane, ethyl acetate, to afford hexane (42 g), ethyl acetate (89 g), and water soluble fractions.
The ethyl acetate fraction (89 g) was chromatographed over a silica gel column (0.6 kg, 120 × 10 cm) by gradient elution with hexane and increasing concentrations of aceton (25:1 ; 20:1; 15:1; 10:1; 7:1; 4:1; 2:1; 1:1, each 2 L) to afford eigh fractions (fraction 1 -8). The fraction 4 (2 g) was further subjected to silica gel CC (50 × 2 cm) eluted with hexane:acetone (10:1) to yield β-amyrin-glucopyranoside (1) (15 mg). Silica gel CC (100 g, 60 x 3cm) of fraction 6 (18 g) with gradient elution of hexane:acetone (7:1; 4: 1; 2:1, each 1 L) gave mulberrofuran G (2) (10 mg) and moracin M (3) (9 mg). Purification of fraction 7 (15 g) by CC on silica gel (100 g, 60 × 3 cm) and elution with hexane:acetone (2:1) afforded kuwanon G (4) (58 mg). . By comparing NMR data of 3 to those of a benzofuran [13] , its structure was determined to be moracin M. C-14) and 39.1 (C-18). Signals were found for one methylene carbon of the prenyl moiety at δ 24.7 (C-9) and three methyl carbons at 25.9 (C-17), 25.9 (C-12), 17.7 (C-13). These data suggested that compound 4 is a prenylated flavonoid [14] , its structure was found to be identical with kuwanon G. and kuwanon G (4) by spectroscopic methods and by comparing their data with literature values. These compounds have been found in root barks and leaves of Morus alba L., it is the first time they were isolated from twigs of this plant.
